Introduction. Various interventions, both psychological and pharmacological, have been studied for their efficacy in preventing posttraumatic stress disorder (PTSD) following trauma exposure. However, the preventive effect of pharmacotherapy has not been systematically assessed. Methodology. A systematic review of all clinical trials of drug therapy to prevent PTSD, available through the PubMed and EMBASE databases, was conducted. This included an assessment of each study's quality. Results. A total of 13 studies were reviewed. The drugs examined in these papers included propranolol, hydrocortisone, serotonin reuptake inhibitors, gabapentin, omega-3 fatty acids, and benzodiazepines. There was marked heterogeneity across studies in terms of quality, study populations, and methodology. Analysis of the outcomes revealed preliminary evidence for the efficacy of hydrocortisone, particularly in critical care settings. There was no consistent evidence to support the use of other drugs to prevent PTSD. Discussion. There may be a limited role for hydrocortisone in preventing the development of PTSD in specific settings. Results with other drugs are inconsistent. Further large-scale studies should assess the efficacy of these approaches in other contexts, such as natural disasters, and the time frame within which they should be used.
Introduction
Posttraumatic stress disorder (PTSD) is a common psychological consequence of exposure to trauma, particularly situations that threaten the safety or integrity of the self or loved ones. A wide range of traumatic situations has been associated with PTSD: combat situations, natural and man-made disasters, accidental injury, physical or sexual assault, and serious medical illnesses and their treatment [1] [2] [3] . PTSD consists of three distinctive groups of symptoms: reexperiencing the traumatic event, avoidance of reminders of the event, and hyperarousal. These symptoms should be present for at least one month and should cause significant impairment in social and occupational functioning [1, 4, 5] . Estimates of prevalence of PTSD in the general population have varied depending on study methodology, but rates as high as 12.3% have been reported, with prevalence in women generally higher than in men [1, 6] . Following exposure to a natural or man-made disaster, prevalences as high as 40% have been reported [2] .
The course of PTSD is variable, with some studies finding a favourable outcome and low rates of chronicity [7] ; however, long-term studies have found that at least half the patients initially diagnosed with PTSD continue to experience symptoms after several years [6, 8, 9] . Chronic PTSD is associated with marked impairments in social and occupational functioning and is often associated with other mental disorders such as depression, anxiety disorders, and substance use disorders [10] . A variety of factors have been associated with the development or persistence of PTSD following a traumatic exposure: these include female gender, preexisting psychopathology, and the nature and severity of the exposure [10, 11] .
One potential predictor of future PTSD is the appearance of initial PTSD-like symptoms following exposure to trauma.
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These symptoms, sometimes referred to as acute stress disorder (ASD) [12] , do not qualify for a diagnosis of PTSD unless they persist for over a month. Not all individuals who experience ASD are diagnosed with PTSD in the long term [13, 14] , but severe ASD, particularly associated with high levels of hyperarousal, is associated with the subsequent emergence of PTSD [15, 16] .
With this in mind, a variety of psychological interventions have been designed both to address these acute symptoms and to prevent the future development of PTSD [17, 18] ; however, the efficacy of these interventions has been questioned [19, 20] and they may not be easily available in certain settings [21] . Recognition of these facts, as well as advances in understanding the biology of PTSD, has led to trials of various pharmacological agents immediately following a traumatic exposure to reduce the occurrence or severity of subsequent PTSD [22] . In this article, these approaches and the evidence for their efficacy are reviewed.
Methodology

Search Strategy.
A search of the PubMed and EMBASE databases was carried out using the key words "posttraumatic stress disorder, " "PTSD, " "acute stress disorder, " "pharmacotherapy, " "drug therapy, " and "prevention, " including the PudMed medical subheadings "Stress Disorder, Posttraumatic/Drug Therapy" and "Stress Disorder, Posttraumatic/Prevention and Control. " The references of these articles were checked for further papers of interest. Studies were included if they prospectively examined the effect of a pharmacological intervention on reducing the diagnosis or symptoms of PTSD at follow-up.
2.2.
Outcomes. The primary outcome of interest was the diagnosis of PTSD as per standard criteria in patients receiving the intervention, as compared to those in the control group. Where this was not examined, secondary outcome measures, such as PTSD symptoms measured using a standardized rating scale, were assessed.
Data Extraction and Quality
Assessment. All study data was extracted by the author and entered in the following format: study design, study duration, sample size, drug used with dose and duration, length of follow-up, outcome measures used, and results. The Jadad scoring system [23] was used to assess the methodological quality of these studies. This system assigns a score from 0 to 5 to a study, with higher scores indicating higher study quality, based on three items: randomization (0-2 points), blinding (0-2 points), and the handling of drop-outs (0-1 point). Each study was scored independently by the authors, who were blind to each other's assessments. The interrater reliability of these scores was good (Cohen's = 0.67). Where a discrepancy existed, this was resolved by a joint evaluation, and the consensus value was entered in Table 2 .
Results
A total of 280 papers were examined, of which 13 fulfilled the criteria for inclusion in this review. A further seven papers were retrospective studies examining the possible protective effect of a given drug against PTSD; these papers were not included in the main review. These papers and their findings are summarized in Table 1 . Only one of these papers, examining the effect of hydrocortisone on septic shock survivors, found an unequivocal effect of the study drug on PTSD prevention [24] ; others reported negative results [25] or used indirect measures of drug efficacy [26] [27] [28] [29] [30] , limiting the conclusions that could be drawn from them, though four studies did find a significant retrospective association between morphine treatment and reductions in PTSD symptoms [27] [28] [29] [30] .
The details of the thirteen papers included in this review, and their methodological quality, are summarized in Table 2 . There was a wide variation in study quality (range 0-5, mean 2.3). Ten papers were randomized, doubleblind, placebo-controlled drug trials, one was a randomized, placebo-controlled study without description of blinding, and two were open-label studies. Individual drugs examined included propranolol (4 studies), hydrocortisone (4 studies), selective serotonin reuptake inhibitors (SSRIs) (2 studies), benzodiazepines (2 studies), polyunsaturated fatty acids (1 study), and gabapentin (1 study). Only one study compared pharmacotherapy with psychological interventions [40] .
Two studies included only children and adolescents [33, 39] , while the remainder were conducted in adults. Studies were conducted across a wide range of settings. The commonest were emergency medical centres or services handling patients with physical trauma ( = 10); other settings included critical care settings (2) and paediatric burns units (1) . None of the studies examined victims of disasters or mass casualties.
Treatment was initiated within 48 hours of a traumatic exposure in five studies; in a further two, preventive treatment was initiated immediately in an ICU setting. In the remaining studies, treatment was started several days or weeks after exposure to the traumatic event (range 6.7-29.35 days). Follow-up periods ranged from a minimum of 6 weeks to a maximum of 49 months after treatment.
Details of trials pertaining to specific drugs are summarized as shown in Table 2 .
Propranolol.
Four studies [31] [32] [33] [34] examined the effect of propranolol (dose range 40-160 mg) in preventing PTSD; three of these were randomized controlled trials, and one was an open study. All these studies involved patients presenting to trauma centres for physical injuries, most commonly motor vehicle accidents. Jadad scores for these trials ranged from 0 to 3. Three studies were conducted in adults and one was conducted in children. The three adult studies [31, 32, 34] failed to find a significant effect of propranolol over placebo in reducing short-to medium-term rates of PTSD diagnoses (follow-up duration range, 2-8 months), though one study did find a significant effect of propranolol in reducing symptoms of PTSD [32] . The single study examining the efficacy of propranolol in children [33] found no evidence of efficacy overall, but a significantly higher rate of PTSD in girls receiving the drug, suggesting an interaction between gender and drug effects in younger patients.
3.2.
Hydrocortisone. Four studies [35] [36] [37] [38] assessed the use of hydrocortisone in preventing PTSD. The Jadad scores for these studies ranged from 2 to 3. Two of these studies were conducted in critically ill patients admitted to intensive care facilities for septic shock [35] and cardiac surgery [36] , respectively. These studies used an intravenous loading dose of hydrocortisone followed by a maintenance infusion during the course of hospitalization. One of these studies reported outcomes in terms of PTSD diagnosis and found a positive effect of the drug at long-term follow-up [35] ; the other found a significant decrease in PTSD symptoms in those who had received hydrocortisone, compared with a placebo group, after 6 months [36] . The remaining two studies both examined adult patients exposed to a traumatic event; both found significantly lower PTSD scores in the treatment group after 3 months. There was a trend towards lower rates of diagnosed PTSD in the hydrocortisone group in both these studies, but it failed to reach statistical significance.
Selective Serotonin Reuptake Inhibitors (SSRIs).
Two studies examined the preventive effect of SSRIs against PTSD. The Jadad scores of these trials were 2 and 1 [39, 40] . The first, conducted in children and adolescents (mean age 12.35 ± 3.7 years) being treated in a burns unit, examined the effect of 24 weeks of treatment with sertraline (dosed flexibly Advances in Psychiatry 7 between 25-150 mg/day) on self-and parent-reported PTSD symptoms. This study found a significant effect in favour of sertraline at 8, 12, and 24 weeks for parent-reported symptoms, but not for child-reported symptoms. Of note, this study included 12 children with acute burns and 14 seeking reconstructive surgery; this heterogeneity may have accounted for the equivocal results obtained [39] . A second study was part of a larger, multiarm trial of interventions to prevent PTSD in adult trauma patients. This study found no effect of treatment with escitalopram (dose 20 mg/day) on preventing PTSD when compared with placebo; on the other hand, psychological interventions (prolonged exposure and cognitive therapy) showed significant efficacy in the other arms of this study [40] .
Benzodiazepines.
Two small studies, one open-label [41] and one randomized [42] , assessed the efficacy of benzodiazepines in adult trauma patients; the Jadad scores of these trials were 0 and 1, respectively. In both these studies, drug treatment was started several days after trauma exposure in most patients. Both studies found an unfavourable outcome for the study drug, with higher rates of PTSD at follow-up in the treatment groups (pooled rates 15/24 in the benzodiazepine groups, 6/24 in the placebo groups; = .01). Of all the treatments examined in this review, benzodiazepines appear to be the only ones which paradoxically increase PTSD rates.
Gabapentin.
A single study of high quality (Jadad score 4) compared the effects of gabapentin, propranolol, and placebo, initiated within 48 hours of exposure, in preventing PTSD in adult patients following a physical injury. At 8 months, there was no significant difference between the three groups in terms of PTSD diagnosis or PTSD symptoms [34] .
Polyunsaturated Fatty Acids (PUFA).
A small openlabel study examined the effects of 12 weeks of treatment with fixed dose PUFA capsules, each containing 1470 mg docosahexaenoic acid and 147 mg eicosapentaenoic acid (7 capsules/day) on PTSD outcomes in 15 adult patients exposed to an accidental injury [43] . This study had a Jadad score of 1. 11 patients who completed the study, and only 1 patient developed PTSD; however, due to the lack of a control group, a true preventive effect could not be demonstrated.
Discussion
Factors affecting study results are as follows.
Outcome Measures.
Of thirteen trials reviewed, twelve provided information that could be used to make inferences regarding efficacy. Nine studies reported outcomes in terms of PTSD diagnoses using the DSM-IV criteria. Of these studies, only one-a trial of hydrocortisone in patients hospitalized for septic shock-reported an unequivocally lower frequency of PTSD in the treatment group [35] . On the other hand, seven papers reported outcomes in terms of PTSD symptoms measured on a standardized, clinical-rated scale; of these, three found consistently lower PTSD symptom scores in the drug group [32, 36, 38] , and a fourth found lower PTSD scores at two out of three assessments [37] . The drugs used in these studies were propranolol [32] or hydrocortisone [36] [37] [38] . Three of these four papers also reported outcomes for PTSD diagnoses, and all found lower rates of PTSD in their respective treatment groups, though these differences were not statistically significant. This suggests that even when pharmacotherapy with hydrocortisone or propranolol does not prevent PTSD, it may reduce its severity in some cases; alternately, these studies may have been underpowered to detect differences in the frequency of categorical diagnoses.
Study Quality.
There was significant variation in quality across studies. The mean Jadad score was 1.85, indicating a generally poor study quality. Using a cut-off Jadad score of 3, five papers could be categorized as being of good quality [33, 34, [36] [37] [38] . Two of these studies reported outcomes in terms of PTSD diagnosis, with a negative result in one case [34] and a nonsignificantly lower rate of PTSD in the other [38] . All five studies reported outcomes in terms of PTSD symptoms on standard rating scales; of these, three studies, all involving hydrocortisone, had a positive outcome [36] [37] [38] .
In comparison, of eight studies scoring below 3 on the Jadad scale, one of seven measuring this outcome demonstrated a positive effect in terms of PTSD diagnoses [35] , and two of four measuring PTSD symptoms had findings in favour of the study drug [32, 39] . This suggests that study design had little effect on the results obtained; furthermore, the best-designed study, with a Jadad score of 4, was negative in terms of drug effects on either PTSD diagnosis or symptom severity [34] .
Time Interval between Trauma Exposure and Treatment
Initiation. There is evidence from animal research that there may be a "window of opportunity" immediately after a traumatic event [37, 44] during which the use of medications may prevent PTSD and that administering treatment after this period may be ineffective. This period may last only for a few hours [37] . Four studies began drug administration within 6 hours of trauma exposure; of these, a trial of propranolol was negative [31] , two trials of hydrocortisone in medical settings were positive [35, 36] , and a trial of hydrocortisone in adult trauma patients found some evidence of efficacy [37] . In seven other studies in which treatments were administered over 6 hours after trauma exposure, only two reported an effect of the drug in attenuating PTSD symptoms [32, 38] ; in both these studies, the drug was administered within 12 hours of trauma exposure. Studies in which treatment was begun 48 hours or more after trauma exposure were uniformly negative [34, [40] [41] [42] . Though the small numbers preclude a meaningful comparison, these findings suggest that even if effective, pharmacotherapy to prevent PTSD may work best when given no more than 12 hours after a traumatic exposure. On the other hand, psychological interventions may be effective even when administered several days after an exposure [40] . Of the thirteen studies reviewed above, the majority recruited patients who had experienced physical trauma, most commonly in the form of motor vehicle accidents. Two studies were conducted in patients in ICU settings who were at risk for PTSD owing to the grave nature of their illness and/or invasive medical procedures [35, 36] , and two studies were conducted in children with either physical trauma [33] or burns [39] . It is not possible, with the existing data, to comment on whether the type of trauma or the age of the study population had a significant effect on outcomes; however, there was some evidence of a gender effect in the trial of propranolol in children exposed to physical trauma, with girls in the treatment group showing a paradoxically worse outcome [33] .
Nature of the Drug Used.
The two trials of benzodiazepines [41, 42] showed uniformly poor results, with trends towards worse outcomes in the form of higher rates of PTSD in the treatment groups. This unexpected negative effect may arise from the fact that benzodiazepines block the normal cortisol response to trauma, and this response may be important in fear responses [45] ; alternately, benzodiazepines may need to be given before rather than after a traumatic event if they are to have a preventive effect [22] .
Results with propranolol were largely negative, with only one small study (out of four reviewed) finding a significant difference in PTSD scores [32] . Though this may result from the individual studies being underpowered, research in animals suggests that the ineffectiveness of propranolol may be due to the fact that traumatic stress-related processes are not correlated with the effects of propranolol on either autonomic activity or learning [46] .
All four studies of hydrocortisone reported positive results, though only one demonstrated a clear reduction in PTSD diagnosis [35] . Though promising and neurobiologically plausible [22, 45] , the interpretation of these results is confounded by the fact that two of these studies were conducted in ICU settings, in which hydrocortisone may have corrected an underlying physiological imbalance [35, 36] , and effects on PTSD may have been indirect. However, one of the non-ICU studies was probably underpowered [37] and the other suffered from high dropout rates [38] ; when the 3-month outcomes of these two studies were combined, a significant difference in favour of hydrocortisone for the diagnosis of PTSD was found (pooled frequencies: 0/33 for 3-month PTSD diagnosis in the hydrocortisone group; 6/30 for placebo; = .009, Fisher's exact test), suggesting that this drug may be effective even outside critical care settings.
Though SSRIs are effective treatments for established PTSD [4] , their preventive efficacy cannot be established from the above studies. This may reflect the relatively long period between trauma exposure and initiation of treatment in both studies, as discussed above. Given the apparent efficacy of SSRIs in an animal model of PTSD [47] , trials of more immediate treatment with these drugs in the aftermath of trauma may be indicated.
Ethical Issues
Following initial reports of the use of propranolol to prevent PTSD, concerns were raised about the possible undesirable effects of such a form of treatment to "erase" unpleasant memories, as well as the medicalization of negative life events by the medical profession or drug manufacturers. More fancifully, it has been argued that such treatments may even disrupt a person's sense of self, or lead to a dystopic society [48] . Given the evidence reviewed above about the actual efficacy of propranolol and other drugs in preventing PTSD, such concerns seem premature; moreover, in highrisk groups, such as military veterans experiencing combat trauma, withholding an effective preventive treatment-if one existed-could itself be unethical [49] . If and when such treatments are approved and available on a large scale, they will need to be handled carefully, and informed consent should be obtained in all cases [48] .
Applicability of the Existing Research to Clinical Practice
As of now, it is premature to recommend any of the treatment approaches reviewed above-including hydrocortisone-in routine clinical practice. Further research, involving larger numbers of patients exposed to different sorts of trauma in various settings, needs to be conducted before this can be done. There is little evidence for the use of other drugs, and benzodiazepines in particular should be avoided as they may actually worsen patient outcomes. In patients presenting days or weeks after a traumatic exposure, psychological interventions may be more beneficial [40] . Similar caveats apply to the use of these drugs in disaster or mass casualty settings, where they have never been tested.
Future Directions
A variety of other pharmacological agents have shown promise in animal models of PTSD; these include corticotropin-releasing factor (CRF) antagonists [50] , cannabinoids [51] , inhibitors of protein synthesis [52] , and inhibitors of steroid synthesis, such as ketoconazole [53] . The safety, efficacy, and feasibility of these approaches in humans have yet to be established. In the meantime, largescale clinical trials of hydrocortisone and of SSRIs during the "window period" may clarify the role of these drugs in clinical practice, as well as their efficacy compared to psychological interventions. Systematic trials of morphine, which has shown promise in observational studies [27] [28] [29] [30] , are also required.
Conclusion
The field of pharmacotherapy for the prevention of PTSD is still in its infancy. The early enthusiasm for propranolol therapy has not been justified by the results of controlled trials. The existing literature suggests that hydrocortisone therapy is promising, both in and outside intensive care
Advances in Psychiatry   9 settings, and this approach should be tested on a larger scale. However, no specific drug therapy can be routinely recommended yet for the prevention of PTSD in clinical or disaster settings.
